Objective : To analyse the disease course of patients with rheumatoid arthritis (RA) and ankylosing spondylitis (AS) during and after pregnancy by validated clinical instruments for measurement of disease activity, and assess their usefulness in pregnant patients. Methods: Included were 10 patients with RA and 9 with AS (10 pregnancies). Clinical examination and blood/urine sampling was performed before conception, at each trimester, and weeks 6, 12, and 24 post partum. Assessment of RA was by the RA Disease Activity Index (RADAI), the 44 joint count, and the Health Assessment Questionnaire; assessment of AS by the Bath Ankylosing Spondylitis Activity Index (BASDAI), the Dougados Functional and Articular Index, and a night pain index. Common for all patients were the patient's and physician's global assessment.
Results : Most patients with RA showed sustained or increased improvement of disease activity during pregnancy. Higher disease activity scores were found in the patients with AS with a frequent increase of disease activity in the second trimester and mitigation of symptoms in the third trimester. Analysis specifically for the patient's assessment of pain showed continuously higher pain scores in the patients with AS than in those with RA. Rank correlation showed good to moderate correlation between most clinical measurements and RADAI or BASDAI, respectively. Functional indices were confounded by physiological changes of late pregnancy. Conclusion: RA can be monitored during and after pregnancy by the swollen joint count and RADAI without interference from pregnancy related symptoms, whereas usual measures of disease activity are not always applicable in pregnant patients with AS. P regnancy has been recognised as a disease modifying factor in several rheumatic diseases. The effects of pregnancy on rheumatoid arthritis (RA) have been reported as mostly beneficial, 1 whereas disease symptoms of ankylosing spondylitis (AS) have been recorded as largely unaltered. 2 Retrospective studies comprising a total of 345 pregnancies indicated that arthritis improved in about 75% (range 54-83%) of patients with RA. 3 Six detailed prospective studies comprising 177 pregnancies found improvement or remission in about two thirds. [4] [5] [6] [7] According to retrospective and prospective studies, disease recurs in most patients within 3-4 months of delivery. In contrast with RA, prospective and retrospective studies have found that the activity of AS is unchanged by pregnancy. 4 8 9 Improvement of disease symptoms has been reported to occur preferentially in patients with a history of peripheral arthritis or accompanying disease like inflammatory bowel disease or psoriasis. 9 Aggravation of AS within 6 months after delivery has been reported for 60-90% of patients. 9 Relief of arthritis is different from improvement documented by validated instruments for disease activity. In the retrospective studies of pregnant patients with RA and AS, assessment of disease activity has relied on the patient's recall, which at best gives an overall estimate of disease activity. It cannot depict the precise timing and extent of change of disease activity and thereby excludes an analysis of the factors which possibly are involved in the induction of change. Prospective studies have assessed the disease activity of RA by various methods, including the Camp index, 10 the Health Assessment Questionnaire (HAQ), 11 the Arthritis Impact Measurement Scale, 12 self reported pain, swelling, and morning stiffness, 13 the Ritchie index, the number of swollen joints, 6 and drug treatment. Pre-pregnancy assessment was included in two studies, the postpartum follow up varied between 6 weeks and 1 year. 4-7 14 15 Previous studies of pregnancies in patients with AS have reported unchanged disease activity during pregnancy. 2 However, this observation was based on the patient's overall assessment in retrospective studies. In prospective studies, spinal tenderness, spinal mobility, functional class, duration of morning stiffness, and nocturnal pain were recorded. 4 8 None of the previous studies on pregnancy in RA or AS has been based on clinical instruments used at present to assess disease activity in clinical trials nor have any of the instruments applied been validated for use during pregnancy.
In the present 64 week prospective study, we chose to regard pregnancy as a disease modifying agent and to measure disease activity in patients with RA and AS by instruments which have been validated in clinical trials. We did this by analysing in detail the clinical response pattern of both groups of patients and assessed the usefulness of several clinical instruments for monitoring pregnant patients.
PATIENTS AND METHODS
The study was approved by the ethical committee of the University of Berne. The patients were recruited at the Department of Rheumatology, University Hospital, Berne, after informed consent. Included in the study were 10 patients fulfilling the American College of Rheumatology criteria for RA 16 and nine patients (with 10 pregnancies) fulfilling the European Spondylarthropathy Study Group for AS. 17 Patients with AS all had radiologically confirmed arthritis of the sacroiliac joints, and three of them had a history of peripheral arthritis in hips, knees, or ankles. Table 1 gives the disease characteristics and drug treatment of all patients at study entry.
Drugs allowed during pregnancy were antimalarial agents, sulfasalazine, or low dose prednisone (,10 mg prednisone/ day) and non-steroidal anti-inflammatory drugs (NSAIDs) until week 32 of gestation. The same drugs were reintroduced after delivery at the first sign of reactivation of disease.
Clinical examination and blood/urine sampling of pregnant patients was performed according to a standard protocol at the following times: once within 6 months before conception (12 patients), once between gestational weeks 9 and 11, once between gestational weeks 20 and 22, once between gestational weeks 30 and 34, and 6, 12, and 24 weeks after delivery.
Clinical disease activity was monitored by physical examination and by validated instruments for RA and AS. Patients with RA were assessed by the RA Disease Activity Index (RADAI), 18 the 44 joint count, 19 and the HAQ. 11 The RADAI score ranges from 0 (no disease activity) to 10 (maximum disease activity). A relevant change is indicated by a difference of 1.0-1.5. The HAQ ranges from 0 (no functional impairment) to 3 (maximum functional impairment). The minimal relevant change is 0.17.
Patients with AS were assessed by the Bath Ankylosing Spondylitis Activity Index (BASDAI), 20 the Dougados Functional (DFI) and Articular Index (DAI) 21 , and a night pain index. 22 The BASDAI ranges from 0 to 10, the DFI from 0 to 60, the DAI from 0 to 40, and the night pain index from 0 to 3. Assessments common for all patients were the patient's and the physician's global assessment (100 mm visual analogue scale).
Disease activity was chosen as the outcome measure for pregnancy and post partum in RA and AS. Remission in RA was defined according to modified remission criteria (fatigue and erythrocyte sedimentation rate (ESR) omitted because of pregnancy) 23 : morning stiffness ,15 minutes, no soft tissue swelling in joints or tendon sheaths, no joint tenderness or pain on motion, no (need for) drug treatment. Active disease in RA was defined as present when modified remission criteria did not apply. Ankylosing Spondylitis Assessment (ASAS) response criteria were used to measure a 20% improvement in patients with AS. 24 Active disease in AS was defined as a BASDAI of .2.
Routine laboratory investigations were C reactive protein (CRP), haemoglobin, leucocyte and thrombocyte count, and urine analysis.
Statistical analysis
As the primary end point, changes of disease activity scores during the observation period were assessed for each cohort by the Friedmann test with Bonferroni correction. The course of clinical assessments was depicted by calculating the median and the 95% confidence interval for each score according to the method of the Hodges-Lehmann estimate. Correlations between disease activity scores were calculated by the rank correlation coefficient. Correlations of 0.30-0.70 were considered as moderate to substantial correlations, and coefficients ,0.30 were considered as weak correlations. Table 1 gives clinical characteristics of the patients at study entry. One patient with RA had a pre-pregnancy visit, but miscarried spontaneously at week 8 and did not meet for further controls. The other nine patients with RA and nine with AS (with 10 pregnancies) met for the pregnancy time points and 6, 12, and 24 weeks post partum. The numbers of patients with RA and with AS included at each time (RA/AS) were: 6/6 at the pre-pregnancy visit within 6 months of the index pregnancy, 9/9 at the first, 9/10 at the second and the third trimester, 9/10 at 6 weeks, and 9/9 at 12 and 24 weeks post partum.
RESULTS

Disease activity during and after pregnancy
Patients with RA Figure 1 shows the disease course of all patients with RA by the swollen joint count (A), the RADAI (B), and the patient global score (C). One patient with RA with persistent low back pain during the observation period showed high patient assessment scores (figs 1B and C) despite remission documented by the joint count ( fig 1A) . According to modified remission criteria, three patients with RA were in remission in the third trimester and four other patients were improved, judged by the swollen joint count. (fig 1A) . One patient had disease onset at the start of her first pregnancy, and an additional patient entered pregnancy with active arthritis in large joints. Both patients continued to have active disease during pregnancy and needed repeated intraarticular injections of corticosteroids in actively inflamed joints ( fig 1D) . Aggravation of disease activity in six patients with RA was detected at 6 and 12 weeks post partum, decreasing after starting disease modifying antirheumatic drugs (DMARDs) and/or prednisone (figs 1A and B). One patient with RA remained in the pregnancy induced remission throughout the observation period. The two patients with RA with active disease during pregnancy improved after the start of DMARDs post partum ( fig 1D) . Figure 2 shows the disease course of the nine patients with AS and their 10 pregnancies by the DAI (A), the BASDAI (B), the patient global score (C), and morning stiffness (D). Except for two patients with minimal disease activity at study entry, a varying disease course with active disease in the first and even more pronounced in the second trimester was seen in eight pregnancies (figs 2A-D). No remission occurred, but four patients with AS showed a 20% improvement of disease activity according to ASAS response criteria from the first to the third trimester. Pain scores (item 2 of the BASDAI) ( fig 2C) and scores for morning stiffness ( fig 2D) were highest in the second and lowest in the third trimester. Morning stiffness disappeared in seven patients with AS in the third trimester. Night pain scores changed in an unpredictable manner during the observation period (not shown). A linear increase of self assessment scores was seen in all but one patient after delivery (figs 2B-D).
Patients with AS
When the median values of the patient and physician global scores were compared a higher disease activity was seen in the patients with AS than in the patients with RA at all times (fig 3A and B) . When analysis was carried out specifically for the patient's assessment of pain (item 2 of the BASDAI and item 3 of the RADAI), continuously higher pain scores were found in the patients with AS ( fig 3C) . This was also reflected by the more extensive use of NSAIDs and paracetamol in the patients with AS than in those with RA ( fig 3D) .
Disease activity scores
The swollen joint count correlated well with the RADAI, the coefficient varying between 0.43 and 0.87. The BASDAI and DAI correlated, on average, with a coefficient of 0.5. Omitting the question on fatigue, resulted in a 0.5-1.5 reduction of the BASDAI score, mainly during the first trimester, the time when the fatigue of pregnancy was prominent. For the functional indices, a high correlation coefficient (.0.7) between the RADAI and the HAQ was found, whereas correlation between the BASDAI and the DFI was weak (,0.3). None of the patients with RA had any significant functional impairment at study entry, and the changes of HAQ scores at different times were all minimal and not significant (,0.17) (data not shown). The question: Can you sleep in the prone position? of the DFI was given a negative response by all patients with AS in the third trimester. Likewise, bending was difficult for about one third of pregnant patients with RA and AS in late pregnancy, resulting in some impairment reflected in the functional indices. The physician global score was in general lower than the patient global score ( fig 3B) . The correlation coefficient between patient and physician global scores varied between 0.7 and 0.03 in patients with RA, but was consistently high (.0.7) in patients with AS.
Laboratory
A slight decrease of thrombocyte numbers and haemoglobin and an increase in leucocyte counts was seen in all patients during pregnancy with a reversal of these changes after pregnancy (data not shown). CRP was normal in all patients with RA with low disease activity during pregnancy, but increased at the postpartum disease flare in three patients. The two patients with very active RA had raised levels of CRP throughout the study (fig 1D) . Increases in CRP were seen sporadically in three patients with AS at times of active disease.
Drug treatment
Acute arthritis in patients with RA was treated with intraarticular corticosteroid injections ( fig 1D) . For persistent pain and stiffness, low dose prednisone (three patients), NSAID at standard doses (until gestational week 32), and paracetamol were given ( fig 3D) . Sulfasalazine was continued in four patients with RA in the first trimester, in three during the P r e -p r e g n a n c y second, and in two patients with RA also in the third trimester. Signs of postpartum increasing disease activity were immediately treated with appropriate drugs (DMARD in five patients with RA, NSAID in six patients with AS) except for the patient refused owing to breast feeding.
Pregnancy outcome
Seventeen patients had uneventful pregnancies and delivered healthy infants at term (table 2) . Child health remained unremarkable throughout the first 6 months of life. One patient with AS with two consecutive pregnancies had a stillbirth at gestational week 24 in her second pregnancy (reason unknown).
DISCUSSION
In this study we made a detailed analysis of the course of RA and AS throughout pregnancy and up to 24 weeks after delivery. For the first time, this was done by several validated clinical instruments for assessment of disease activity. We confirmed that AS is active also during pregnancy; however, a mitigation of symptoms occurred in the third trimester. Despite regularly withdrawing NSAIDs at week 32, whenever possible, pain decreased and morning stiffness also disappeared in late gestation in most patients with AS. This was not obvious in our own previous prospective studies of pregnant patients with AS, where we placed the emphasis on physician dependent assessments like metrology. 4 13 Search for an explanation of the overall higher disease activity in patients with AS by analysis of singular items recorded in the RADAI and the BASDAI showed that patients with AS had more pain than patients with RA and, consequently, had a higher consumption of pain relieving drugs. Analysis of the pain components in the RADAI showed that the patients with RA had few painful joints and lower pain intensity. In previous studies of non-pregnant patients, a lower pain threshold than in healthy people has been found in patients with RA, but not in patients with AS. 25 26 However, pain induced by pressure as in the two cited studies is not identical to the pain arising from inflammation. The question remains if RA is more profoundly altered or whether the inflammation of AS is not sufficiently suppressed during pregnancy. Most patients with RA entered pregnancy in a state of mild disease, in contrast with the majority of patients with AS who had active disease. Active disease has been shown to be a predictor for persisting activity also in pregnancy. 8 It is difficult to clarify if the increased pain intensity, particularly in the first and second trimester, experienced by the pregnant patients with AS is inflammatory or due to mechanical alterations. The normal CRP measurements in most patients with AS argue against inflammation. A change of posture and of spinal mobility takes place during pregnancy, 27 partly as a result of the rise of relaxin with relaxation of the ligaments. 28 Other hormonal changes that may have a role are the marked increase of progesterone, oestriol, and cortisol during gestation. Owing to progesterone and oestrogen receptors, mechanical properties of pelvic ligaments change in response to sex steroids. 29 In addition, raised levels of free cortisol may suppress inflammation. The pain relief of the patients with AS in the third trimester is in contrast with the course of non-inflammatory low back pain present in about 50% of healthy pregnant women, who are P r e -p r e g n a n c y Dougados joint index worse in the later stages of pregnancy. 30 Furthermore, the surrogate marker of inflammatory activity, morning stiffness, was at its lowest level in the third trimester.
Pregnancy induces profound changes in the maternal body manifested at different stages of pregnancy. The assessment of disease activity is therefore not straight forward, but has to consider symptoms related to the physiology of pregnancy like raised ESR, fatigue, and the increasing burden of the gravid uterus. None of the validated scores for evaluation of disease activity in RA or AS has been adapted for use in pregnancy. In RA, the swollen joint count is an objective measurement of the extent of arthritis and is not confounded by the musculoskeletal pain which may arise spontaneously in pregnancy. 31 Objective assessment of pregnant patients with AS is more difficult because pregnancy itself can induce low back pain or pelvic pain. 30 In addition, clinical assessments of AS largely depend on the spine, rendering them inaccurate when the effects of the gravid uterus are ignored.
The late stages of pregnancy are accompanied by reduced physical functioning also in healthy women. 32 Our study indicates that functional indices are not reliable instruments in late pregnancy and need adjustment when used for monitoring pregnant patients. RADAI and BASDAI are disease-specific and include the main symptoms of RA and AS. The results of our study indicate that they are useful instruments for monitoring patients throughout pregnancy and post partum. From our point of view, omission of fatigue from the BASDAI does not increase the reliability of this instrument in pregnant patients. However, patient related instruments may be subject to misinterpretation as seen in one of our patients with RA. Therefore, combination with an objective assessment instrument should be made whenever possible. Addition of composite assessments like the patient global and the physician global score has the advantage of being applicable for both RA and AS, though it may not increase the information already included in the RADAI and BASDAI, respectively. Interestingly, the patient's evaluation differed from the physician's evaluation, reflecting the difference between suffering and observing a disease.
Our study is limited by the small number of patients included and the individual variation of disease activity in each cohort. As a result, by setting a significance level of 5% and applying the Bonferroni correction, no statistically *Except for one patient with stillbirth at gestational week 24.
significant change of the disease course over the different times measured was found. However, this was balanced by the detailed clinical assessment of each patient, and the fact that more than half of the patients also had a pre-pregnancy assessment.
In conclusion, higher disease activity as measured by patient and physician dependent instruments was found in pregnant patients with AS than in patients with RA. This difference was partly due to the more pronounced experience of pain in the patients with AS. The disease course in patients with RA most often showed a continuous trend over time as pregnancy progressed, with sustained or increased improvement. By contrast, AS measures did not show this continuity, instead often demonstrating a second trimester increase of disease activity. The results of our study indicate that RA can be monitored during and after pregnancy by the swollen joint count and the RADAI without major interference from pregnancy related symptoms. By contrast, more work needs to be done to create assessment instruments suitable for monitoring pregnant patients with AS.
